Using the two-source capture recapture method to estimate the incidence and case ascertainment of congenital rubella syndrome in Australia, 1993 To verify rubella and CRS elimination, countries need to ensure that their surveillance systems are sufficiently sensitive to capture almost all cases. This study aims to estimate the incidence of CRS in Australia and the sensitivity of CRS case ascertainment in the NNDSS.
METHODS
The two-source capture-recapture method 5 was used to estimate the incidence of CRS and to evaluate the sensitivity of case ascertainment by the NNDSS. Data on infants born between 1993 and 2013 from NNDSS and APSU were collected and were used to estimate the total number of cases (N) based on the expression N = ab/c, where a is the total number of cases ascertained from NNDSS (the primary source), b is the total number ascertained from APSU (the secondary source) and c is the number of cases common to both sources. A modified formula for small numbers 5,6 was used to estimate CRS incidence between 1993 and 2013:
Estimates were made for the entire 21-year period and additionally stratified by single years and by two time periods, 1993-2003 and 2004-2013 , with 95% confidence intervals (CI) calculated for the estimated incidence using the formulas: 
DISCUSSION
This study indicates that CRS incidence in Australia has been low during the 21-year study period with a marked reduction in incidence after 1996. The significant decrease in incidence is most likely due to introducing a second dose of measles-mumps-rubella vaccine to the National Immunisation Program schedule in 1994, and improved vaccination coverage and population immunity achieved as a result of the Measles Control Campaign in 1998. 9 Case ascertainment by the NNDSS was poor during the first 11 years of this study but improved substantially to 100% in all years from 2003 onwards.
The two-source capture-recapture method allows detection of cases by two independent sources to estimate the total number of cases in a given population. This method is based on animal population studies and has been used in epidemiological studies to evaluate completeness of case ascertainment and to estimate the incidence and prevalence of diseases in both human and animal populations.
5 It has previously proved valuable to validate the sensitivity of acute flaccid paralysis surveillance in Australia. 5 The use of this method assumes that the primary and secondary sources are independent, all cases have an equal probability of inclusion, cases have been diagnosed accurately and appropriate matching between sources has occurred. 10 The small number of cases and clinical presentation of CRS combined with a nationally consistent case definition applied by both sources since 2004 assured that most of these assumptions are likely to be met, except that it is difficult to ensure the two sources are completely independent. Nevertheless, they have distinct reporting parthways. While the APSU captures cases reported directly by child health clinicians, the NNDSS is notified of laboratory-or clinically confirmed cases reported to state or territory health departments.
Our analysis reveals CRS incidence in Australia was low and has a marked reduction after 1996. Currently, the NNDSS is sensitive to monitor CRS occurrence and elimination of CRS in Australia.
Cases were matched based on date of birth, sex and state or territory of residence. Where cases were matched but their notification dates spanned different years, they were attributed to the earlier of the two notification years. The estimated annual incidence rate (per million live births) was calculated as the sum of reported cases over the sum of the reported live births for the relevant period between 1993 and 2013.
7 Both confirmed and probable cases, according to the national case definition, 8 were included in the analysis. Analysis was conducted using Excel (Microsoft Excel 2010, Redmond, WA, USA).
The APSU congenital rubella surveillance study was approved by the Royal Alexandra Hospital for Children (The Children's Hospital at Westmead, New South Wales, Australia) Human Research Ethics Committee. Ethics committee approval was not required for the NNDSS data as the de-identified, aggregated data provided are already available in the public domain.
RESULTS
Twenty-five cases were identified through the primary source (NNDSS), including 23 confirmed and two probable cases. Thirty-four cases were identified through the secondary source (APSU) and 16 cases were common to both systems for infants born between 1993 and 2013. There were five duplicate notifications identified in the APSU data that were excluded. Three of the 16 cases were mismatched for sex but matched on other parameters. Further investigation found one of the three cases had an incorrectly recorded sex status and another one was further matched by hospital of birth. Both cases were included in the analysis. No further details could be determined for the third case and it was excluded.
An estimate of 56 CRS cases (95% CI: 44-68) were expected for the entire 21-year period , assuming 15 cases common to both sources, representing an overall 45% case ascertainment for NNDSS. The average birth prevalence in the period 1993 to 2013 was estimated as 9. 
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